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(54) OPTICAL TRANSMITTER, AND BIAS VOLTAGE CONTROL METHOD FOR OPTICAL 
MODULATOR USED THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily control a bias 
voltage even in >10 GHz band of a driving signal, and to 
prevent the quality of an optical output signal from being 
deteriorated due to deterioration in waveform. 
SOLUTION: This optical transmitter is provided with a 
Mach-Zehnder type light modulator 3, a light source 1 
for inputting an optical signal of continuous light to the 
Mach-Zehnder optical modulator 3, a driving circuit 24 
for inputting a driving signal to the Mach-Zehnder optical 
modulator 3, a demultiplexer 4 for taking out a part of 
the output optical signal, a photodiode 5 for converting 
the taken-out output optical signal into an electric 
signal, a band-pass filter 1 6 for extracting the frequency 
components of the driving signal contained in this 
electric signal, an error signal generating circuit 7 for 
generating an error signal of a bias voltage minimizing a 
value of the taken-out frequency components, and a 
bias voitage control circuit 10 for applying a bias voltage 
summed with this error signal to the Mach-Zehnder 
optical modulator 3. 
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Kteio-cttttjaFtb. ®^;{f^-(-^m$nfc«-§-(4, r 

ttfcff-^-14, /<XhV^7-f/u^ 1 6(CA73^tt^)„ ^ 
yhv^7-f^i? 1 6(4, a737tif-§-2 2 cl^UC-g-*^ 

zmWim^ 22b ufc^ & f c &ft<D 

[0 0 4 7] CCT-, 04 (b) (d*-fj;p(c, W^J3t 
S(2 f c^tt*tl5. C^M*, /^K^7^/W 
7(Cia73$n?.o r.r.T% ^ft^-^ESS 7 (4, /<V 

figu, s<jTxm&i&m\B\i&i ow*d*^i 9<,cmtiir 

•So io^Si 9(4, Dci;ii 8t^<bAt>$ti^y<^r 
£ESr, -f^^lltiJ:r«teTlSr^U?5'^ 

yi^ys3t^sasg3ic:Pnipi-.5„ rtttcto-c, 

[0 0 4 8] CiT-, SSII«^fi£lHlBS7Wfflffig*3«tOf 

^l^La(co^^Tlft0J•r5„ 05(4, 0 1 tc* bfcsauft -*§• 

±fieia]K7ro«figS:^-ryny^0t?&* <> 0 5JC*5V> 
X, 7 a (4, 'O hV^7-f/U^ 1 6 

A73 $ 4xfcH«E«C f c Bfe^<73 w</w£;&tB U C P U 7 
btdtb^l-rSo CPU 7 b 14, W-^U&fflSg 7 a (C4S 

^7c(CtU*i-5„ D/AfftS7cl4, CPU7bi> 

m-f-lc^&U ^I'T^SJEf&JfflllHlSSl 0^D»§§1 9 

[0 0 4 9] 0 6 (4, SSilft^-^lelK 7 (C4 S^M« 
^■^*Q.a#WISr^i-7n-^-v— bT-feSo 0 6 (C*3 
i^T, CPU 7 b (4, ^-<^T^ffl;jEfejffil(ElSS 1 O^tHTj 
-r-S^WT^mEEV b (T) SvMT^SEEVb t LT 
aS^L, roj tLXlii^iiri (*t-?7S 

1 0 1) „ ^©i, U-</W^tUSg7 a (4, TxmiZ 

v bPn*D^F(c*5(4S w^/Milv c (Vb) SriB!l^-r-5 
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(^ry/S I02)o 

[0 0 5 0] *:<D'&^ y<^T^m&Vb (T) &\ + A 
VSftS-fr^WT^tBEVb (T) = V b + AVCg 

S 1 0 3) . '^T*®J3EV b (T) =Vb + 

A VPpjP^FlC*5«t5 U"<yHitV c (Vb + AV) SrSiJ^ 
+ S (^fyT'S 104)o 

[0 0 5 1 ] -t It, U^/UlVc (Vb) *su^/HK 
Vc (Vb + AV) tctf:LT7c£l^5^£*JB?rL (;* 
r^ysios) , i/^HiVc^t^i^ 10 

^5105, YES) *Cf* x /M7^tffVb^7 

tvb + Av) kim^u th-avj zmmrn^- 

tit, ^7^1ESJ«1 OtCiti^L C*^:/ 
SI 06) , ^r^7°S 1 0 nctfft^o 

[0 0 5 2] — £\ l"<yHi£ V c ^ W</H!V c ( V b 
+ AV) l^ltLT*:#<^^ (^T5/7'S105 1 
NO) fctt % ^-rr^mffvb (T) -AV^>ffc;£ 
•y:§A>f7XtjEVb (T) =Vb-AVra£U 

r-AVj SrBRHftflri LTW^-rs (xt^^SIO 
7) 0 -t<D^, /M7^t£EVb (T) =Vb-AVHl 20 
MlCiolt^^ttVc (Vb-AV) 

(^"y^S 108) 0 

[0 0 5 3] ^LT, U^<;l/fiV c (Vb) tf* W<yHjS 
Vc (Vb-AV) KiJ£LT;7c#v^57^£^ML (* 

7 7^5 10 9) . U^IVc^^^v^ (-X^y 
^S10 9, YES) (£13:. T^HJEEV b SvW T 

^ie (vb-Av) uns^u r-Avj zmmm^- 

tit, /MT^«E«WEIIIl OldfflAb 
S 1 1 0) , ^^^y^S 101 i-^tT-T^o — ^\ U"< 
^tVc^f<4^8^ (^Ty/S10 9, NO) 30 
fete, 7xij£v b Ir/M 7^1EV b = v b 
JEU ^Oj «MR3S«#i: LT, AWT*«flE»JfiPI§]B& 
1 0\zmt}L (^T^^S 111), ^fyT'S 101 

/MT^lEVb (T) Sr»a»^^iS<5*t5rt^ 

[0054] ^*5. _Lai ufcSM6o»ffi 1 -m, w 
t 1 tefcv^r, mmm^-t^r^mEEt^^i^ z 40 

[0055] 7* h^>r*- K6(oatrsfc*7 
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[0 0 5 6] Z(DmM<DM1& 1 tC<fc*Uf , vyA!y*y 

fflLT«««#ic£|fcU K'<*:7-<vu* 1 6CJ:- 

^M7t^P^3(D»j^C0^Mffi^^^U, rtORJS 
«#«vMT*«EE»J«IS(5l 0^LT7>r-K^7 

3 coa^co K y 7 b J: * ^-^p p pK*« 
Sr«UEi-5r fcdS-C*. L^t, £5£bfcJBtt#2f c 
<D3fc^^^JSr^-f5 r k&X£Z> 0 
[0 0 5 7] HJ6<DJgffi2. offK, Z<D&9l<Dmti<D 

/<^hv^7-f^l 6 *SKttflr*0Attft f c/£#£r 

^K^7>(/^ 1 6^^^-C. f c 

cD2f&^jaffi^c2 f c04:)4at5/<yK/^7^i/ 
^2 6£rgS:tf\ CLtfv^v K^7>r;^ 2 6asitttti1"3 

[0 0 5 8] 17(1 rcO^KO^JS(D^2-Cfo-57t 

^yK>^7>f;^2 6ll ±JS LfcJ: 5^ % .JB» 
{f-^o^^f c«»©2fif©S»*2 f cric#£rjgig 

K2flH*£jftiaK 2 7te|i|*i-5. 
Ih3SS2 7tt. Attft2 f c^ou^</uffl[^*^:i*5 

[0059] ::t\ g)8^t7P-ft"- h£r#J$ 
It, Kttflr*±j&l9K 2 7lcJ:aiMS«*£ja*yi* 

2 7 ft, ^<>f.r ^■ffi«HWiaBSi oasm^-r^-f 

@J£Vb (T) ^7^1EVb^:Lt^U Ki£ 
r o J t l,xmt}-1-Z> (^7^8 2 0 1) 0 -t 
<7>& N /-<^r^mEVbfPiD^*5tt^Jl&^2 f cfifc 
^u^/WtVc 2 (Vb) SrSafii-'S (^r^S2 
0 2) 0 

[0 0 6 0] t<D^ /^7^fEVb (T) £ N + A 
V2Eft;£*fcAW T^SJEVb (T) = V b + A Vf^lS: 
£U r+AVj Sr»S«#t UTffl*i-S (^fy^ 
S 2 0 3) □ ^rO^, /M7^1EVb (T) =Vb + 
A VPPJDI^^*3Jt5ASt»2 f cS^l/^ffiVc 2 
(Vb + AV) ^©J^-r^ (^f^S 2 0 4) o 
[0 0 6 1 ] Its u^/uffiv c 2 ( V b ) ^ i/^cyw 
ffiVc2 (Vb + AV) KitLT/h$v^^5^S:apJ»rU 
(^T^7 P S 2 0 5) , l/^IVc2dvh^V^ 
(^777 P S 2 0 5 I YES) (C(l s<jTxmi£Vb 
&s<4Txmi£ (Vb + AV) fC^^U, T+AVj Sr 
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Uf77 P S 2 0 6) , ^7 7^82 0 1 ^Wfr-t&o 
[0 0 6 2] — ;*\ U^yHltV c2^ l/-<;l/fV c 2 
(Vb + AV) l^tt;LT/h£< ftv^^ Ur7/S2 
0 5, NO) fcfi, ^T^lJIVb (T). Sr. -AV 
^fc£l££'<-'f T^SJEVb (T) =Vb-AV(;"K 

2 0 7) 0 tOft, /MT^WEVb (T) =V b - A 
yB«J0l*IC*5H-SJi«*2 f c^l/^uftVc 2 

(Vb-AV) ^aij^i"^ (^f^S 2 0 8) . 

[0 0 6 3] -t tt, l/^fiVc2 (Vb) ^i/^yv 10 
tVc2 (Vb-AV) JcitbT/h$V^5^S:i|siJ(SfU 

(7ryyS 2 0 9) , ^UfV c 2^/h$^I^ 

C^^S 2 0 9, YES) /W7XlEVb 
Sr^MT^mJE (Vb-AV) IcBWgU T-AVj £ 

(^7^^5 2 10) , ^7y^S2 0 1l:»fift5o 
— *\ U^fVc 2j6S/Jn£< &l^4§£» (^77^8 2 

0 9, no) tcte % ^^-rr^mEEvb^/^-rr^mffiv 
b=vblrKu r o j ^MttLT, /wr^ 

SJE^iJWlElK 1 0 \cmt> L (^7^8 2 11) , 20 

KNUdioT. ^WT^fBEEVb (T) Sr»3B»^^ifi 
<5(t5r -fttfo^ S«»2 f c&ft<DU 

[0 0 6 4] r.c^*jfeo^ffi2^J:n«. -7^xy 
oTBMMf-^<G>HSE»2 f c^ttfflU «K»2 f 

-YT*«JEtt»[§]Kl 0^LT7^- K/<y^«Wt 

ftf^A© Ky7 hfc±*ffl**fll*OfiJHMi*r»BEi- 
L^t, $^1^12 f c(D^n> 

[0 0 6 5] 5IJ{iCO?g^3. o^C s C^^<75^»^ 
«t8 3Jcov^r«lW*-S 0 ±J6UfcSllifi(DJB«l, 2t 
tt\ *il#a»*«:IIJAU raff^lCiot, ^60 

[0 0 6 6] ^<DftW<D^M(OMm3X-3bZ>lt 
T\ *«2tt, KttflT* (H«*f c [Hz] ) ICPHH 
KI6«^jft9igL«jfi*f-c<^2ffi?<otry hu-hS: 
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[0 0 6 7] Jt«2lt Jfc ^*#U-ifSry>r 

<b U A £ It, ^S3t^SS* 3 

»d«toT«P$ix5fcft, W*4«2 0^bta**ix5tH 

«kOiSLffl««f c*»*raHi**, :©iSi8Ht« 
■g-SrBSiS«#*j«ia» 7 tcffi^-^ 5 J: 5 LTI^cq 

sag 3 oM^STftaift^^is-^ft 5 r ^miE^j 

[oo 6 8J rcoHJ6(7)ifg^3«wJ:tb*i, -ry/^iv 

t>, ^y^y*^ya36*BI«3^b<^ai*3t«*rt»c 
BKrff^OftQiEUH&ftf c ttrv^sia 

tmm\Z s 3EB3t©ftf f 1 0 GH z £Jl±l-4ot 

[0 0 6 9] Xlt^fl4. ofl:, rco^PJco^JS^) 
M4COV^PW6 0 ±3fi LfcMfc 1 - 3 T 

i*. ivfttt. ft8Ki, 2*s loom— jScft^jg-efco 

[0 0 7 0] BlOtt, w60^P^^HJ£cO^IS4T*fc^ 

^T, 3fcJK3 1ti\ MfacDKm 1 fc:* LTtftSS l {^ftx. 
TRtt&iX, 3O(0#- K^*aS3 1 a — 3 1 c 

^r^L, «ft*SR3 la-31 c 

tt, Jtti-Jy 2 8 Sr^UT^y^^^^^S!3t^«*3 
tca^^^5 0 4fc, »»«4t7thy^5}-K5i 
ytyjfls* 3 2 SrKJt, *7>r;^3 2ll, * 
~ ifte3fcaB3 1 a~3 1 cCOV^-f ^ i^^^c^)?SS^iStRK)^ 

[0071] ^v^y^>ymytmm$%3izAt>£ti% 

Kft3tlR3 1 a -3 1 c05tft-^(*, JB«I«*»C 
cfcoT-ffi^fH£;ft,£ 0 3t7 ^yv^ 3 2 tot, lo 
O*— «S3fe«3 la-31 c GOi&eft^jiiRLT, r 

X s «S3tS3 la-31 cJcSti-5^>TT^« 
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18 



13 1 a~3 1 c ^^(Ci^lST^-V/^-^-r^^-g-fC 
11, ^"^LTV>5*— &«3tag3 1 a~3 1 c <£>fcB;*j& 
ftfc£*>*T*:7-</l^ 3 2CDgj§^S^SiJW-r5J;p 

[0 0 7 2] roDHJSrojg^4Jcj;tt{i, 

«3tas3 i a ~3 i c^a^-t--5&fi3t©^-rtL^io 

«fi3teSrft7^vi^ 3 2tcJ;oTil^^lcSi§$ 

[ o o 7 3 ] mm<Dmi& 5 . oft, r. ononis© 

JBttsfco^TlftWi-s. _hi£ LfcSU6©»l» 1 ~4 r* 
i!2fc^M»fflU r<ow^/Ht£-ft/hfc.5i,Mifc 20 

Txns.mm&if? «t vtciL-cv^as, rwnjg 
mffinmsu is]»i&i££:fr5 r^ict, 
[0074] mi in, z.e>&m<onm<DmmsT'ibz> 

3ti^ft^ewflf^Sr^-#-yc2 y^El-CifcS. 0ii|:t3 
i^T. i0>#aHfS«tt, B81S«#*j*|glB7^ft*-C 
I^SB^SrfT 9 SS^ft-§-^|5]gg 3 7^iS;i-t5i:i 30 

x-r if«-jm5£»i 2^£ e>ic»»trv^s. x-f-^ 

^JSREISS 3 7 *3 «fc t>V^ T ^ mffiSiJfflHUSg 1 0 IC A* £ 
[0 0 7 5] ^HfS^fiKlHlSS 3 7 V HVn'^ 7 -f 

1 6/4^ta^i$nfcjiKigcf c &L&<Dim-$:mm§& 

?„ df-->>- ^$Hfcff-§-«, tf*I^8 b lEioT 40 

Mff^t ut^m r^«£E»j»iaKi owipjtigi 9 a 

[0 0 7 6] T**EE»J#PBB&1 0 <Dfim& 1 9 a 
f±, DC MM 1 8^P,tH^)$nfc^WT^mEEiw^Sff 

ttfiaW-tit t tic, r^ftt§«lL, rioii . 

[0 0 7 7] rcoipt^ flg£ffi-!§-£j$|e]£ 3 7 -Ctt, 



[0 0 7 8] ft}b\ iflffigg 8a, 8 b 14, S5»tt*I3£& 

7 * h *v a— k 5 is, Bttflr-g-ojq&s: f c i&#£g 

[0 0 7 9] Sfc, ftlJMgl 9 a lCfift$tL*v*-f 1fflT 
I3S&3 7F*UE, ^yKA'^7^^16, *3,£LK!;=T 

[0 0 8 0] rroHJfetD^tgSKiixtf, f<< 
*Scf cjS»Sr7*^-¥ ! ft*i:IPlJ!li*«i--5J:5fcU-C^S 

[0 0 8 1 ] 

s5fEttm#si- i o r ttaa * nfc BfiiEiE»ft 
sri as-c*£ S i: v^a*«r*-r s. 

[0 0 8 2 J o#-(D^B^(CJ;4x(4, lEtD^a^ -ry/N 
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otaas^ itfct&EiMHiflr*© 2 

*M*P*rlf 5 ±5KLTV^50T?, ItrEUhflr-*}!::* x 

mmwctzmtiytm^cDffnn&ikZttik-fz^bfrx- 10 

[0 0 8 3] o^©38W»wJ;ixfi. H&ffiftlKa^ BufElE 

*bi*^a*l, mc%xmi3»s. HutsiEKifH^-icio 
miRmwiis^, 7^ ifft ± o tei&m&ie-%-& 

L^t, SMOftfWlOGHzti 20 
[0 0 8 4] 0#*<D|g^(C«t tltf. ±-7J^?tiK tnti 

fiffl^^pt^fcoTt), xmgottfftficsrfta 
[008 5] orro^wtcttui, «nB«aEflr*^fifc# 

3VM*B»ff 2{g»^zS^c^(CT : > ifflHS-SrJftJI 
S Ufcft-^-trMfE^SSSt-WSD-rS «k 9 Id © 

T% /<^T^«jE«ij»ro*r6i*^tfSailft-§-roi«i^ 

tmmtteV), Sfl%«>(t«*«^ 1 0 G H z ailCft 

tbflr#ro»®a*ii ± 5 tu^ftm^o.&ifiSf k^«i±-r 

[0 0 8 6] 0#-(7D^BJ|ciHli, WlSKioT, 
B9l55t^P3Sg^f>tfcl^$nfc"3fcff SB&fc "9 W U 

.toT^gl^ixfcffiSCft-^rtODSdlEIBt&ft-^roS^fig 50 
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tic TftbtH £*tfciitJfEfgl!jft ■(§-<£> JS jS^5>co<SS:ft 

EMUiaKicT, stnaisaEfs-s-^jaxatioT* 

ot?> HfjfSJfgSbff^t^ f^if«*©J:5fc<M«flr* 
r £#T-^ L*»tx 3EW*©ft-f-W**s l o g 
£ , £ 5 m^3tft-§-<©D n n» 

[0 0 8 7] o#*(7)^P^|cJ;nfi, ^IglUor, 

iotfj^ nfc«^ft#rt <d tifjtEKSbft*<z> 2 ffif© A 

fflxgfc i o Ttttib $^fcffiia^Sbft-^w 2 fg <n>mWLW: 
f$.ft<Offi.&Mr±\c1-5s<'f 7 ^®EwSft^ft-§-*^ 
U '<-<T:*®JEftJ»Xg(c:<fcc.-C. «rffi8RJ6ft-§-*« 
lit i o T:fo£ * ftfc«R2£ft ^-SrJD^ b tz'U 7 x « 

«t 9(-LT^^5^or^ StfiaSEttft-^-fc, x^lfft-^oi 
5*ffi«ftflr-8-**«-r5»««**Kft*<Tfc. ^ 

twioGHzaiMott, s<^Txm&mn 

[HBHOffi¥*RW] 

[Ull] ^©»IP1ro|tSJ6o?B5«l-Cifc5JtafefeTJ6«© 

[EI2] 1^1 (c^UTt v^S3t^3HSSW^ 

^S3tgEIBSe«t5^S8i!lf^SrlftKi-5llI-Cfo5 0 
[0 3] @ i ly^iMWS©^ 

a tt y ~y * ^^M3t^anse i 5 Knnf^«rfftn 

7 ^fSflErtSjgEfcfttKJfc LT^fgvMitT'fcS^-g-tc: 

. [®5] Eaifc*UfclRS6Ht#*fiillSli5K>l¥tt««Sr 

[121 6 ] HU-*UfclRMnr**fifclS|gS^i5ISS^t 

[11)7] i©*BHO*ltO*q»2-C*)S3lfeaiff««(D 

[0 8] H7lc*bfc»SSff#^iaBSK:J:5lfHSft 
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[ill] £0aH0Htt0J8tt5-?*>£%aWSeH 

[112] ffiJtErojta&WSSlKwWfiKSr^i-^o y * 0 

[Ell 3] 1 8 I-t L fc v y /n 7 x y y f M 
^ <-f 7 * SJEriSfilEfcte-Cfe 5»-a-{-*3»t 5 s/ ^ y ^ 

[Ull 4] m8 ic^Ufc^-y^^^vy^^IH^ro 

^-rsm-efcSo 



10 



22 



[mi 5] last^ufc-^y^yiv^s^ssso 

1, 2, 3 1 ftjg, 3 -ry^yxyyiffll?, 
4 5 7tbf-ft-K, 6 ^'J7^, 

7, 2 7, 3 7 BSS^S-Sg-^EIBS. 7 a l^Hftffi 
7b CPU, 7c D/A^&tl, 10 x<-fT 

*«ffifM»E(&, ii ^y^^, 12 
36£S§, 14 16, 2 6 ^VhV^7-f/U 

18 DC1I, 19 fcllgSg, 2 0 m^34S, 2 
1 A^ffi, 2 4 IgttlHlSS, 2 5 nyfVt, 2 8 
ft*??. 3 1a~31c J*— jftftftfflU 32 * 



[mi] 



[15] 




,20 



| : i f~l 7 OVta ^ 

vbcn^Lf 19 i ^ — i 



, 

D/A 




, X-SJ^j 

CPU 


&*8 





. 20a 



[12] 



HI 




21a 




1/2fo 



20b 



[H3] 



2ic 



21b 



<■> 



fc 2fc ftH2) 
(b) 



~il ill 



c f(Hz) 



(a) 



<b) 
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[04] 




22o 



(a) 



22b 



4-dr 



f(Hz) 



(b) 



[B6] 



Vbp7-vbicifc£ l~sioi 

T [ 

Vcftfl)3E Vc(Vb) ^ 3102 
Vb(T)-Vb+AVCtefe Hsioa 

, T [ 

|Vctffl5£ Vc(Vb-»-AV)^S104 



3105 



YES_ 



SI 06, 



Vc(Vb)> Vc(Vb+ A V)?^ 

* — - 1 — r* , * , ^i 

Vb-Vb+AV | NO I 



J 



Vb(TrVb-AVU:a3e I-S107 




[17] 



6 ,,26 



lc(Hz) 



H p^rri ,4 

2 ( 5 ,6 , 26 

I i Fl 27 2fC<HZ) 

".19 ffl_ 



[El l 3 ] 



,20 



130 




131 EIMS* 



[014) 



140 




142 



.141 



n 
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[118] 



[015] 



C 



K 



S201 



Vo2t«Ife Vc2(Vb) I-S202 

* [ 



S204 




Vc2*ffl5£ I 




150 




[H9] 
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(51)Int.Cl. 7 

H0 4B 10/06 



<72)»9I# if* JE* 

fcJWB^FftfflKAOrt-TB 2#3^ 



F I 



F^ — 2H079 AA02 AA12 BA01 DA02 FA01 
FA02 FA04 HA11 KA18 KA19 
5K002 AA02 BA04 BA05 BA13 CA14 
DA05 



